The collagen contraction assay is an in vitro, three-dimensional method to determine the factor(s) affecting the contractile behavior of activated cells such as fibroblasts in either physiological or pathological scenarios. The collagen lattices/hydrogels are seeded with fibroblasts to mimic the interactions between these cells and their surrounding extracellular matrix proteins in the connective tissue. This method is an important platform to assess components as potential therapeutic targets to prevent pathologies such as fibrosis, which are manifestations of hyperactivated fibroblasts. We have described a basic version of this collagen contraction assay, which is amenable to customization using different cell types under diverse experimental conditions.
7. Rat tail collagen type 1 (Merck, catalog number: 08-115) Note: Store at 4 °C, use within 12 months of manufacturing. 8 . Glacial Acetic acid 99.8% (Sigma-Aldrich, catalog number: 109088)
Note: Store at 15-30 °C. 9 . NaOH pellets (Sigma-Aldrich, catalog number: S8045)
Note: Store at 15-30 °C. 
Procedure
The collagen contraction assay has been previously described for the purpose of assessing the effects of agonists/inhibitors on the contractile properties of fibroblasts (Ngo et al., 2006; Su and Chen, 2015) .
It provides an easy method to measure the contractile properties of different cell types. An outline of the Copyright entire protocol has been provided below ( Figure 1 ). The use of this assay for investigating fibroblastmediated contraction during heterotypic cell-cell interactions (Pincha et al., 2018) in various conditions has been highlighted here.
Figure 1. Outline of the collagen contraction assay
A. Preparation of collagen for making collagen gels 1. Acetic acid solution (0.1%) (see Recipe 1)
Stock collagen solution (3 mg/ml) (see Recipe 2)
B. NaOH titration for collagen gel formation Note: Different lots of Collagen usually have variations in collagen concentration and pH. It is necessary to perform NaOH titration before using a new batch of collagen to optimize solidification.
1. Aliquot 0.4 ml of DMEM (or media of choice) in eight 1.5 ml tubes.
Note: It is better to use media from an unopened bottle or a freshly prepared lot. Old media aliquots tend to change pH over time, due to the loss of CO2.
2. Pre-label eight empty wells of a 24-well dish starting from 1 μl to 8 μl. Any old 24-well dish with empty wells can also be used for the titration step. solution (with acidic pH) will make the phenol red containing media turn yellow. Since there are no cells at this stage, the collagen can be added to all the tubes at once. 4. Add 1 μl of 1 M NaOH to the first tube and mix this solution well with a 1 ml pipet (set at 500 μl) gently for a few times (avoid making bubbles).
5.
Immediately take 500 μl of the prepared mixture and add it to the pre-designated well of the 24well dish.
Repeat
Steps B4-B5 with increasing volumes of 1 M NaOH. i.e., 2-8 μl.
7. Allow the mixtures to solidify for approximately 20 min at room temperature.
8. Choose the least volume of NaOH required to generate a well-solidified circular gel, where the media is pink in color ( Figure 2 ).
Note: Choosing higher NaOH volumes will cause the collagen gels to become more alkaline than ideal, which might not be the best microenvironment for your cells of interest. It also results in gels with very high rigidity, hampering cell-mediated contraction and thus will give erroneous results. A well solidified circular gel (marked by black arrow) was obtained with 7 μl of NaOH in well 7 and used for later experiments.
C. Preparation of gels for the collagen contraction assay
The following steps have been optimized for analyzing contraction of collagen gels by fibroblasts when they are interacting with another cell type such as mast cells. The same protocol can be used for experiments using fibroblasts alone. 
Note: A 48-well dish can also be used after reducing the amounts of all cells/reagents by half.
It is not advisable to further reduce the volumes or use smaller wells because of the lack of consistency in gel contraction and difficulty in imaging the gels.
8. Allow the gels to solidify for 20-30 min at room temperature. If the gels have not solidified by then, it indicates improper mixing or low NaOH concentration and it is advisable to start fresh. 9. After the gels have solidified, add 500 μl of media to each well. 10 . Dissociate gels from the wall of the wells by running the tip of a 10 μl pipette tip very carefully along the edges of gels, taking care not to damage or tear the gels.
Note: Make sure to dissociate the gels from the wells only after addition of media as dissociation is easier when the wells have media in them and prevents damage to the gels. 11. To ensure that gels have completely detached from the well, swirl the 24-well plate gently.
12.
For experiments to examine the effect of a factor/compound on contraction, add the substance to the media in each well at the required concentration. It is advisable to have wells as negative and positive controls. For negative controls, add media without any test compound. For positive controls add compounds known to cause contraction in the cell type involved, for example, use TGFβ for fibroblasts.
Note: It is recommended that factors/compounds be mixed with the media prior to addition to the gels ensuring uniform distribution.
13. Place the plates in a 37 °C incubator at 5% CO2 humidifying conditions and take out for imaging at the pre-determined time points.
Note: To determine if a cell type is giving a very high basal contraction, make gels without cells in 3 wells. Use the dimensions of these gels to compare with those seeded with cells. The uniformity of the gels with no cells is also an indicator of correct experimental setup and we recommend setting it up at least the initial few times.
D. Measuring collagen contraction
Collagen gel contraction should be measured over various time points after gel solidification (such as 0 h, 4 h, 12 h, 24 h, 48 h and 72 h) as appropriate for the experimental question.
1. Take the 24-well dish and wrap with parafilm if removing from sterile conditions for imaging.
2. Place it on a stereo microscope with an attached camera and image each well using the minimum zoom and appropriate light settings ( Figure 3) . As an alternative, use a digital camera fixed to a stand at an appropriate height and image each well sequentially or use a flatbed scanner to scan an image of the entire dish.
Note: Use the same settings for all the timepoint measurements for accurate results. The best resolution images with sharp gel outlines are obtained using a microscope or a digital camera. 
Data analysis
1. Open the ImageJ software and in the "Analyze" menu option, check the tick box beside the "area" option in the "Set measurements" option.
2. Open each image and draw the outline of the gel using the freehand selection. In case of perfect circular gels, the oval selection can also be used. Note: The use of CaCl2 and MgCl2 is optional.
